Abstract Sequencing of the Arabidopsis genome revealed a unique complexity of the plant heat stress transcription factor (Hsf) family. By structural characteristics and phylogenetic comparison, the 21 representatives are assigned to 3 classes and 14 groups. Particularly striking is the finding of a new class of Hsfs (AtHsfC1) closely related to Hsf1 from rice and to Hsfs identified from frequently found expressed sequence tags of tomato, potato, barley, and soybean. Evidently, this new type of Hsf is well expressed in different plant tissues. Besides the DNA binding and oligomerization domains (HR-A/B region), we identified other functional modules of Arabidopsis Hsfs by sequence comparison with the well-characterized tomato Hsfs. These are putative motifs for nuclear import and export and transcriptional activation (AHA motifs). There is intriguing flexibility of size and sequence in certain parts of the otherwise strongly conserved N-terminal half of these Hsfs. We have speculated about possible exon-intron borders in this region in the ancient precursor gene of plant Hsfs, similar to the exon-intron structure of the present mammalian Hsf-encoding genes.
INTRODUCTION
Heat stress transcription factors (Hsfs) are the terminal components of a signal transduction chain mediating the activation of genes responsive to both heat stress and a large number of chemical stressors (Wu 1995; Nover et al 1996; Morimoto 1998; Scharf et al 1998b; Schö ffl et al 1998; Nakai 1999) . They recognize palindromic binding motifs, so-called heat stress elements (HSEs; 5Ј-AGAAnnTTCT-3Ј) conserved in promoters of heat stress-inducible genes of all eukaryotes (Bienz and Pelham 1987; Nover 1987 Nover , 1991 . The initial cloning and characterization of the yeast Hsf (Sorger and Pelham 1988; Wiederrecht et al 1988) were rapidly followed by cloning of the corresponding genes from Drosophila (Clos et al 1990) , mammals (Rabindran et al 1991; Sarge et al 1991; Schuetz et al 1991) , and tomato (Scharf et al 1990) . The analysis of the tomato Hsf system exposed 2 interesting peculiarities. First, there are at least 4 different Hsfs (Scharf et al 1990 Correspondence to: Lutz Nover, Tel: 49 69-798-29284; Fax: 49 69-798-29286; E-mail: nover@cellbiology.uni-frankfurt.de. et al 1993; Bharti et al 2000) belonging to 2 classes, ie, class A with Hsfs A1, A2, and A3 and class B with HsfB1. Second, 2 of the 4 Hsfs (HsfA2 and B1) are heat stressinducible proteins themselves. Although, with few exceptions, multiple Hsfs or Hsf-related proteins were subsequently found in other organisms as well Morimoto 1998; Nakai 1999) , the peculiarities of an extended HR-A/B region in the class A Hsfs (Fig 1) and the heat stress-dependent expression are unique features of the plant Hsf system. The sequencing of the Arabidopsis thaliana genome now allows a more detailed discussion on the plant Hsf system based on the combination of sequence comparison and results from the fairly advanced functional analysis of tomato Hsfs.
Basic structure and classification of 21 Arabidopsis Hsfs
Based on the presence of the conserved DNA-binding domain (DBD) plus the adjacent HR-A/B region (Fig 1) , we identified 21 open reading frames in the Arabidopsis genome encoding putative Hsfs. Other sequences annotated (1) The central part of the DBD is the helix-turnhelix motif (H2-T-H3) with a considerable number of amino acid residues invariant among different organisms (boldfaced letters). The arrow indicates the position of the intron conserved in all plant Hsfs. (2) The oligomerization domain HR-A/B is characterized by the heptad pattern of hydrophobic residues (dots, asterisks). The insertion of additional 21 amino acid residues between parts A and B are marked in green. (3) The bipartite NLS represents a cluster of basic residues (K, R) recognized by the NLS receptor. (4) Central elements of the activator region are short motifs (AHA elements) rich in aromatic (W, Y, F), hydrophobic (L, I, V), and acidic amino acid residues (D, E). (5) A leucinerich motif at the C-terminus functions as an NES.
as Hsf-like were not considered. Thus, the complexity of the plant Hsf system far exceeds that of any other organism whose genomic sequence is known. For comparison, there are a total of 4 Hsfs in vertebrates, only 1 Hsf in Drosophila and the nematode Caenorhabditis elegans, and 1 Hsf plus 3 Hsf-related proteins in yeast Nakai 1999) .
Similar to many other proteins regulating gene activity, Hsfs have a modular structure. Despite considerable variability in size and sequence, their basic structure is conserved among eukaryotes. This is exemplified by tomato HsfA2, with sequence details given for modules identified by mutation and functional analysis (Fig 1B) . This knowledge helped to identify corresponding functional motifs for the Arabidopsis Hsfs compiled in Figure 2 and Table 1 . Close to the N-terminus, the highly structured DBD is the most conserved part of Hsfs. It consists of a 3-helical bundle (H1, H2, H3) and a 4-stranded antiparallel ␤-sheet (␤1, ␤2, ␤3, ␤4). The hydrophobic core of this domain ensures the precise positioning of the central helixturn-helix motif (H2-T-H3) required for specific recognition of the palindromic HSEs (Damberger et al 1994; Harrison et al 1994; Vuister et al 1994; Schultheiss et al 1996) . The only crystal structure of a Hsf-DNA complex was reported for the DBD of the Kluyveromyces lactis Hsf (Littlefield and Nelson 1999). Interestingly, binding of 2 monomers of the DBD to the HSE motif involves proteinprotein contacts mediated by the 10 amino acid residues of the loop (wing) between ␤3 and ␤4 strands, which is lacking in plant Hsfs. It will be interesting to elaborate the differences in the arrangement of DNA-bound Hsf subunits between plants and other organisms.
Similar to all known Hsf coding genes of other organisms, the DBD of plant Hsfs is encoded in 2 parts separated by the only intron, which is inserted immediately upstream of the coding part for the H2-T-H3 DNA binding motif (Fig 1) . The position of the intron is identical in all cases, but the size is highly variable (Table 1 ). In the plant Hsf genes, the exon-intron borders are defined by the codons for the invariant Tyr residue (codons UAU or UAC) at the end of the HTH motif and the Gly residue (codons GGG, GGA, or GGT) in the following turn to ␤3 (intron sequence is indicated by the small case letters): 5Ј TAT(C)-ag ЊЊЊЊЊЊЊЊЊЊ ag-GG(T, A, G). The arrow in Figure 1 indicates the position of the intron. Interestingly, the mammalian Hsf genes contain many additional introns (Zhang et al 1998; Manuel et al 1999) . Based on structural similarities between mammalian and plant Hsfs, we marked the hypothetical positions of these introns by arrowheads at the block diagram of LpHsfA1 (Fig 1A) . We will discuss arguments supporting a similar exon-intron organization in the ancient precursor gene encoding plant Hsfs. Heat stress transcription factors (Hsfs) from Arabidopsis thaliana (At), Glycine max (Gm), Lycopersicon peruvianum (Lp), Medicago sativa (Ms), Nicotiana tabacum (Nt), Pisum sativum (Ps), Oryza sativa (Os), and Zea mays (Zm) are listed with their new names based on their structure and phylogenetic relationship (see Figs 3 and 4). The existence of many more Hsfs also in tomato (L esculentum, totally more than 16 Hsfs) and soybean (G max, totally more than 15 Hsfs) can be deduced from sequence searches in the expressed sequence tag (EST) libraries. A survey of relevant information is compiled in Figure 5 . The molecular weight (MW) and isoelectric points (pl) of Hsfs were calculated on the basis of the amino acid (aa) sequences of the open reading frames (ORF) using Clone Manager 5 software. The chromosomal location and size of the intron are indicated whenever possible. For identification, the accession numbers and references are given. DS, direct submission to the database as part of Arabidopsis or rice genomic sequencing projects; DNA, complementary DNA; PC, partial clone. Because of an additional exon added by the computer program to the Nterminal part of At-HsfA5, the ORF in the database has extended to 834 aa residues. We did not include this exon but rather considered the methionine residue preceding the DNA binding domain by 15 aa residues as putative translational start site. This gives an ORF of 466 aa residues. A similar situation holds true for At HsfA6a. In this case, an additional exon with a stop codon was introduced in the C-terminal domain, creating a truncated version of the Hsf with 251 aa residues. Our ORF with 282 aa residues simply neglects this putative exon 3 and includes the end of the normal exon 2, which includes also a classic AHA motif (see Table 3 ).
a The size of the intron was derived from the L esculentum HsfA1 clone (LEHSF8, accession no. X67599). b The rice HsfA2 was not yet assigned. It is coded on BAC AC027658 derived from chromosome X in the region defined by nucl. 106 800 to 103 000. 
As indicated on top of the table, sequence details of the linker/HR-A/B regions of heat stress transcription factors (Hsfs) are given in the 1-letter code for amino acid (aa) residues. The arrowheads mark the positions of the introns in the putative Hsf precursor gene. The linker size is indicated by the number of aa residues between the cluster of basic aa residues at the C-terminal end of the DNA binding domain (DBD) (boldfaced letters on the left). The HR-A region is separated into 2 parts by the position of the putative intron, (1) the N-terminal optional part, which is modified or lacking in some Hsfs, and (2) the HR-A core formed by the 2 internal heptad repeats. Only this core part was included into the phylogenetic tree (Fig 3) .
The oligomerization domain (HR-A/B region) is connected to the characteristic cluster of basic amino acid residues at the C-terminus of the DBD by a flexible linker of 9 to 39 amino acid residues for class A, 50 to 78 amino acid residues for class B, and 14 to 49 amino acid residues for class C Hsfs (Fig 2, Table 2 ). From experiments with the yeast and mammalian Hsfs (Flick et al 1994; Liu and Thiele 1999) , it is apparent that this linker or at least part of it is important for the oligomerization behavior. The heptad pattern of hydrophobic amino acid residues in the HR-A/B region (Fig 1B) suggest a coiled-coil structure similar to that reported also for leucine-zipper-type protein interaction domains (Peteranderl et al 1992 (Peteranderl et al , 1999 .
In plants, there are 3 classes in the Hsf protein family (classes A, B, and C), which are discriminated by peculiarities of their flexible linkers and HR-A/B regions (Figs 1 and 2 and Table 2 ). The HR-A/B region of class B Hsfs are similar to all nonplant Hsfs, whereas all class A and class C Hsfs have an extended HR-A/B region due to an insertion of 21 (class A) and 7 (class C) amino acid residues between the A and B parts (see sequence details in Table 2 ). It is remarkable that representatives of the third class (class C) were unnoticed so far. From analysis of expressed sequence tag (EST) libraries, they are evidently well expressed in tomato, soybean, potato, barley, and Arabidopsis, at least on the RNA level. This HsfC1 type is clearly separated from all others by sequence details of the DBDs and by the characteristics of the HR-A/B region. The significance of these extended oligomerization domains in class A and class C Hsfs for the coiled-coil structure and oligomerization behavior is not yet clear. However, there is evidence that the tomato HsfB1 exists as a dimer, whereas HsfA1 and HsfA2 are trimers.
The flexibility of size and sequence in this part of the Hsfs between the C-terminus of the DBD and the B part of the HR-A/B region is remarkable ( Table 2) . Because of the lack of sufficient experimental data, we can only speculate that the individual properties of Hsfs, ie, their olig- Numbers in brackets indicate position of the putative nuclear localization signal (NLS), nuclear export signal (NES) and activator (AHA) motifs in the C-terminal domain. Putative NLS can be monopartite (eg, nos. 1, 2, 4) or bipartite (eg, nos. 3, 5). In the latter case, 2 basic clusters are separated by a number of amino acid residues as indicated. For the AHA motifs, aromatic and large hydrophobic residues are set in boldface type. nd, no motifs detectable by sequence homology. Function of the underlined motifs of tomato heat stress transcription factors (Hsfs) were tested experimentally (see Lyck et al 1997 omerization, their specific role and regulatory behavior in the Hsf network, and their interaction with other proteins, are dependent on sequence information in this region. In some cases the linker between DBD and the first repeat of the HR-A part is very short and/or the first repeat is lacking (see examples in Table 2 , Lp-HsfA3, AtHsfs A6a, A7a, A7b, and A9). In this context, the peculiarities of the HsfC1 in the linker/HR-A/B region are particularly striking.
In most cases, the nuclear localization signals (NLSs) of class A and class C Hsfs are monopartite or bipartite clusters of basic amino acid residues adjacent to the HR-A/B region. The corresponding motifs are marked with NLS in Figure 2 (for details of sequences and positions a Expressed sequence tag (EST) libraries from the dbEST database of NCBI were screened with each heat stress transcription factor (Hsf). ϩ, 1 EST; ϩϩ, 2 or more ESTs found for a given Hsf; Mix, data from the Ohio State clone set and from a mixed library containing ESTs derived from RNA from etiolated seedlings, roots, leaves from vegetative plants, stems, flowers, and siliques. RL, rosette leaves; DS, developing seeds; GS, green silique. By sequence comparison, the following ESTs were assigned: HsfA1b, AV548883, BE523447; HsfA1d, N38285; HsfA1e, N96842; HsfA4a, AW004500; HsfA4c, AI995151, H37587, H76687; HsfA5, AV558506, F15453; HsfA7a, AI992565, AV544578, R65204, AA042693; HsfA9, AI997827; HsfB1, AV538768, AA712283, R90161, AV551082, AI993273, T75808, T44458; HsfB2b, AI996379, AA605426, R90511, BE526155, W43651; HsfC1, H36030, AV552195, T21116, AV543793.
b Northern analyses of leaf RNA were published for HsfsA1a (Hsf1), A1b (Hsf3), and B1 (Hsf4) see Table 3 ). Because of the investigations on the nuclear import signals of tomato Hsfs A1 and A2 (Lyck et al 1997) , it is clear that only these clusters, and not the clusters of conserved basic amino acid residues at the end of the DBD (Table 2) , contribute to the nuclear import of Hsfs.
A cluster of arginine and lysine residues close to the C-terminus of tomato HsfB1 is responsible for its permanent nuclear localization (Scharf et al 1998a; Heerklotz et al 2001) . Similar motifs are also found in other representatives of this group and in groups B2 and B4. An exception is At-HsfB3, which is the smallest of all Hsfs identified so far. In this case, the only cluster of basic amino acid residues, which might function as a NLS, is present in the linker region between HR-A and HR-B (Fig  2 and Table 3 ).
The nucleocytoplasmic distribution of proteins can be markedly influenced by nuclear export. Because of a leucine-rich export signal in the HR-C region (nuclear export signal [NES] , see Fig 1 and Table 3 for sequence details), the tomato HsfA2 is mostly found in the cytoplasm unless complexed in hetero-oligomers with HsfA1 (Scharf et al 1998a; Heerklotz et al 2001) . This phenomenon of changing nucleocytoplasmic distribution due to the balance of NLS and NES, which may be altered by protein modification or by interaction with other proteins, is crucial for many signaling pathways involving transcription factors (for references see Heerklotz et al 2001; Gö rlich and Kutay 1999) . Inspection of the C-terminal parts of Arabidopsis Hsfs was shown in several cases to be similar to leucine-rich sequences, which might function as NESs (Fig 2 and Table 3 ).
The C-terminal activation domains (CTAD) of the Hsfs are the least conserved in sequence and size. For all class A Hsfs, the CTADs are acidic and enriched in proline, serine, threonine, glutamic acid, and aspartic acid residues. The function of Hsfs as transcription-activating proteins is evidently connected with short peptide motifs (AHA motifs, see Nover and Scharf 1997; Dö ring et al 2000) , which are characterized by aromatic (W, F, Y), large hydrophobic (L, I, V), and acidic (E, D) amino acid residues (see examples given in Fig 1 and Table 3 ). With few exceptions, such AHA motifs are found in the center of the CTADs of most Arabidopsis class A Hsfs. Similar AHA motifs are also in the center of the activation domains of human, Drosophila, and yeast Hsfs and of many other transcription factors of mammals, eg, VP16, RelA, Sp1, Fos, Jun, steroid receptors, and the yeast, eg, Gal4 and Gcn4 (see references in Nover and Scharf 1997; Dö ring et al 2000) . Most likely, they represent the essential sites of contact with subunits of the basal transcription complex as shown by pull-down experiments Dö ring, in preparation) .
It is remarkable that the C-terminal domains (CTDs) of class B Hsfs are completely different. For the group of the most conserved Hsfs in plants, ie, HsfB1, the CTD is positively charged, and AHA motifs are lacking. We have evidence that HsfB1 plays a special role in gene activation as a synergistic partner of HsfA1 (Bharti et al, unpublished data) . The CTDs of Hsfs B2, B3, B4, and C1 are neutral, with clusters of basic amino acid residues interspersed. AHA motifs are not detectable. It will be interesting to test the function of these Hsfs in reporter assays alone and in combination with other Hsfs to find out which of them are synergistic coactivators (Bharti et al, in preparation) or repressors (Czarnecka-Verner et al 2000) .
Four tomato Hsfs with their structural and functional identities
Although the picture is far from complete, the experimental data obtained with the tomato Hsfs indicate that the multiplicity may be connected with distinct functions in the Hsf network. The question of how many Hsfs we need cannot be answered at present. However, the multiplicity of regulatory effects in the Hsf system of tomato with only 4 Hsfs cloned and experimentally studied so far is surprising. It gives an idea of the real complexity of the Hsf network with 21 representatives in Arabidopsis. In fact, the overall complexity of Hsfs in tomato and other plants is comparable. Searching EST libraries, we found expression data for 15 new tomato Hsfs with representatives in practically all groups and classes defined for Arabidopsis (see additional information compiled in Fig 5  available in the online version only) .
In the following, we will briefly summarize the relevant experimental data, indicating well-defined and nonredundant roles of the 4 tomato Hsfs in the Hsf network.
First, the constitutively expressed HsfA1 (527 aa residues) is the largest of the 4 tomato Hsfs studied so far. There is evidence that HsfA1 plays a central role for the heat stress response in general and for the expression and function of the other Hsfs. The CTAD harbors 2 AHA motifs ( Table 3 ) that are essential for the activator function (Dö ring et al 2000) .
Second, synthesis of HsfA2 (351 amino acid residues) is strictly heat stress dependent. It accumulates to fairly high levels in tomato cell cultures and different tomato tissues, especially in periods of repeated heat stress and recovery. Similar to HsfA1, HsfA2 is a strong transcription activator with 2 AHA motifs in its CTAD (Fig 1B,   Table 3 ). In the course of a heat stress regimen, HsfA2 exists in 3 different forms characterized by their intracellular distribution and modes of protein interaction: (1) Nuclear form: Because of the strong C-terminal NES (see details in Fig 1B) , significant nuclear retention of HsfA2 and activator function are found only in the presence of HsfA1, ie, in form of the HsfA1/A2 heterooligomer (Scharf et al 1998; Heerklotz et al 2001) . (2) Cytoplasmic insoluble form: The ongoing accumulation of HsfA2 during long-term heat stress and its stability coincides with its interaction with Hsp17 class II (Scharf et al, unpublished data) . During heat stress, both proteins are reversibly incorporated into the cytoplasmic chaperone complexes built of the heat stress granules (HSGs). (3) Cytoplasmic soluble form: After dissociation of the HSG complexes during the recovery, HsfA2 and small Hsps are found in soluble oligomers in the cytoplasm. Release of HsfA2 from the HSG complexes needs the activity of the Hsp90 chaperone machinery, ie, it is inhibited by geldanamycin (Scharf et al 1998a, unpublished results) .
Third, HsfA3 (508 amino acid residues) is the least studied of the 4 tomato Hsfs. It is found constitutively expressed in cell cultures but is barely detectable in tomato leaves. It may represent a developmentally regulated Hsf with expression only in rapidly dividing cells. Four AHA motifs in the CTAD with a central Trp residue contribute to its activator function (Bharti et al 2000) .
Fourth, HsfB1 (301 amino acid residues) is the only class B Hsf so far studied in tomato. Its very low level found in unstressed cell cultures or tissues is transiently increased several-fold after heat stress. HsfB1 is relatively short-lived and always found in the nucleus. In contrast to the class A Hsfs, HsfB1 probably has no activator function itself. This can be explained by the differences in the CTDs (see above). However, we have preliminary evidence that coexpression of low levels of HsfA1 with HsfB1 can result in strong synergistic effects in reporter gene activation (Bharti et al, unpublished data) .
Expression of Arabidopsis Hsfs
Expression data for Arabidopsis Hsfs are fragmentary and stem from different sources (see compilation in Table 4 ). First, a number of ESTs are found in the database. They were derived from RNAs isolated from different tissues of Arabidopsis (see details given in footnote b to Table 4 ). Second, Schö ffl's group published data from Northern analyses for Hsfs A1a, A1b, and B1 using control and heat stress leaves (Hü bel and Schö ffl 1994; Prändl et al 1998) . Third, we did some preliminary studies using RNA from control and heat stress cell cultures and leaves (A. Ganguli, unpublished data) . Among the 21 Hsfs, 15 are represented in Table 4 , whereas Hsfs A3, A6a, A6b, The consensus tree for all Hsfs was elaborated using the Clustalx 1-8msw and Tree view software. For names, accession numbers, and identification of the Hsfs, see Table 1 and explanations given to this table. An extended version of this tree is available in the online version (Fig 5) . It includes sequence information of many additional Hsfs from tomato, potato, barley, and soybean as derived from EST libraries.
A7b, B2a, and B3 could not be detected in any of the tissues or conditions analyzed so far. However, a severe drawback of the data from EST libraries is the lack of samples from heat stress tissues. This is best illustrated for HsfA2. Comparable to the situation with the tomato HsfA2, its messenger RNA was not detectable in control cells but was detected very strongly in heat stress cells. From this expression pattern, it is not surprising that no EST was found in the libraries created exclusively from RNA isolated from control tissues. Closer inspection of the putative promoter/5Ј-UTR regions indicate an intriguing pattern of HSE modules for all Hsf-encoding genes of Arabidopsis (see Fig 6 in the online version only) . It was shown earlier (Treuter et al 1993; Czarnecka-Verner et al 2000) that, depending on the position of the HSE, upstream or downstream of the TATA box, Hsfs may activate or repress the transcription of the adjacent gene. It is tempting to speculate that the complex HSE patterns Table 2 ). Most Hsfs are found in identical groups irrespective of the sequence parts used for the analysis. However, a few Hsfs marked by boldfaced letters change their positions (see also the summary given at the bottom of the figure). We assume that, similar to the situation in the present mammalian Hsf genes, these 3 parts were separated by introns in the ancient plant Hsf precursor gene, ie, exon shuffling could have generated mosaic Hsfs. For AtHsfs A7a and A7b, the following situation is envisaged. The N-terminal part of the DBD and the HR-A/B region are derived from the putative A2/A7 precursor gene, whereas the C-terminal part of the DBD stems are from the B3/A7/A6a precursor gene.
in the promoter/5Ј-UTR regions indicate a network of regulatory interactions between Hsfs and their encoding genes.
Phylogenetic analysis of plant Hsfs
Analyses of the amino acid sequences in the conserved N-terminal half of the Hsfs revealed 2 remarkable features (Table 2) : (1) Two highly variable parts, ie, the flexible linker between DBD and HR-A and the insert connecting the HR-A and HR-B parts, are interspersed between the very conserved DBD and the 2 parts of the oligomerization domain. (2) The positions of most of the Hsfs in the phylogenetic tree (Fig 3) are fixed irrespective of the sequence parts used for the generation, ie, the Nterminal or C-terminal parts of the DBD, the whole DBD, the HR-A/B region, or the DBD plus HR-A/B region as used for the generation of the tree presented in Figure 3 .
However, there are a few exceptions to this rule, ie, Hsfs changing their position because they are evidently mosaic proteins formed from different phylogenetic parts (see examples and explanations given in Fig 4) .
A possible explanation for this behavior can be found by comparing the exon-intron organization of mammalian and plant Hsf genes. As mentioned already, there is only one intron in the coding part of the DBD in all plant Hsfs. However, besides this conserved intron in the DBD, there are 11 additional introns in the mouse hsf1 and hsf2 genes separating structural and functional modules (Zhang et al 1998; Manuel et al 1999) . This exon-intron organization is particularly striking for the region encoding the DBD/HR-A/B part of these Hsfs. It is tempting to speculate that the position of introns in an ancient precursor gene of plant Hsfs is similar to the present mammalian genes. At least insertion of these hypothetical borders in the block diagram for the Lp-HsfA1 (Fig 1A) in-dicates that separate exons may have generated the Cterminal part of the DBD, the flexible linker, the HR-A part plus insertion, and the HR-B part plus adjacent NLS region. This hypothetical exon-intron structure helps to understand the variability of sequence and length of the linker and of the insertion between HR-A and HR-B, making 6 amino acid residues for all class B Hsfs, 6 ϩ 7 amino acid residues for HsfC1, and 6 ϩ 21 amino acid residues for all class A Hsfs (Table 2) . We further hypothesize that a type of exon shuffling and elimination of most of the introns in early times of the evolution of plant hsf genes contributed to the fixation of the present state and the generation of the mosaic type of Hsfs exemplified in Figure 4 for Lp-HsfA2 and At-Hsfs A5, A6a, A7a/A7b, and A9.
